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©  Organic  polymer  stabilisation. 
(57)  Reactive  stabilising  compounds,  able  to  stabilise  organic 
polymers,  contain  in  their  molecule  a  sterically  hindered 
amino  group  and  a  hydrolysable  silyl  function. 

In  stabilising  organic  polymers,  said  reactive  stabilising 
compounds  can  be  hydrolysed  at  the  silyl  function  with  the 
formation  of  silanol  groups,  which  are  made  to  interact  in 
order  to  form  complex  resinous  stabilising  structures.  These 
latter  are  added  in  stabilising  quantities  to  the  polymer  to  be 
stabilised. 

According  to  one  particular  embodiment,  the  hydrolysis 
at  the  silyl  function  and  the  formation  of  the  resinous  struc- 
ture  take  place  spontaneously  within  the  polymer  to  be  sta- 
bilised. 

According  to  a  further  embodiment,  the  reactive  stabi- 
lising  compound  is  added  to  the  polymer  after  being  stably 
supported  on  a  solid  support  by  reaction  with  an  inorganic 
solid  having  surface  hydroxyl  groups. 
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According  to  a  further  embodiment,  the  reactive  stabi- 
lising  compound  is  made  to  interact  with  the  polymer  so  that 
the  stabilising  compound  becomes  chemically  bonded  to  the 
polymer  chains. 

In  all  cases,  stabilised  polymers  are  obtained  containing 
the  stabilising  compound  in  a  form  which  is  not  removable 
from  the  polymer. 

The  processes  for  preparing  the  reactive  stabilising  com- 
pounds  and  for  preparing  the  stabilised  polymer  composi- 
tions  are  also  described. 
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This  inven t ion   r e l a t e s   to  r e a c t i v e   a n t i o x i d a n t   compounds  able  t o  

s t a b i l i s e   organic  polymers,   and  also  r e l a t e s   to  the  polymer  compo- 

s i t i o n s   s t a b i l i s e d   by  said  a n t i o x i d a n t   compounds  and  the  p r o c e s s e s  

for  prepar ing   said  a n t i o x i d a n t   compounds  and  said  s t a b i l i s e d   polymer  

c o m p o s i t i o n s .  

Organic  polymers  are  known  to  su f f e r   degrada t ion   with  the  passage  of  

time  due  to  exposure  to  the  envi ronmenta l   c o n d i t i o n s ,   and  t h i s  

degrada t ion   mani fes t s   i t s e l f   as  a  worsening  of  the  polymer  p h y s i c a l  

c h a r a c t e r i s t i c s ,   such  as  a  r educ t ion   in  the  u l t imate   t e n s i l e   s t r e s s  

and  f l e x i b i l i t y ,   these  being  accompanied  by  a  change  in  the  v i s c o s i t y  

i n d e x .  

In  order  to  oppose  th i s   d e g r a d a t i o n ,   i t   is  usual  in  i ndus t ry   t o  

i n t roduce   small  q u a n t i t i e s   of  a n t i o x i d a n t   compounds,  genera l ly   i n  

the  form  of  s t e r i c a l l y   h indered  phenols ,   into  the  po lymers .  

The  problems  encountered  in  the  s t a b i l i s a t i o n   of  organic   po lymers  

der ive  e s s e n t i a l l y   from  i n c o m p a t i b i l i t y   between  the  a n t i o x i d a n t   and 

the  polymer,  and  from  the  r e l e a s e   of  the  a n t i o x i d a n t   by  the  po lymer .  

In  s t a b i l i s a t i o n   by  means  of  known  a n t i o x i d a n t s ,   these  u n d e s i r a b l e  

phenomena  are  always  m a n i f e s t e d ,   whether  at  a  g rea t e r   or  l e s s e r   l e v e l ,  

and  there   is  t h e r e f o r e   a  need  for  a n t i o x i d a n t   compounds  having  g r e a t e r  

c o m p a t i b i l i t y   with  the  polymers  and  able  to  permanently  remain  

t h e r e i n .  

It  has  now  been  found  tha t   such  a  requirement   can  be  s a t i s f i e d   by 

the  r e ac t i ve   a n t i o x i d a n t   compounds  of  the  present   i nven t ion ,   which 

conta in   in  the i r   molecule  a  s t e r i c a l l y   hindered  phenolic   group  and 

a  hydro lysable   s i l y l   f u n c t i o n .  



These  r e a c t i v e   a n t i o x i d a n t   compounds  can  give  r i s e   to  complex 

r e s i n o u s   s t r u c t u r e s   e i t h e r   wi thin   the  polymer  or  ou ts ide   i t ,   or  can  

bond  chemical ly   to  the  polymer  or  to  a  so l id   suppor t .   The  r e s u l t  

of  these   i n t e r a c t i o n s   is  tha t   s t r u c t u r e s   are  obtained  which  on  t h e  

one  hand  unexpec ted ly   p rese rve   the  i n h e r e n t   s t a b i l i s i n g   c h a r a c t e -  

r i s t i c s   of  the  s t e r i c a l l y   h indered  pheno l s ,   and  on  the  other  hand 

p re sen t   c h a r a c t e r i s t i c s   of  c o m p a t i b i l i t y   with  and  permanence  in  t h e  

polymer  which  exceed  those  of  the  i n i t i a l   r e a c t i v e   a n t i o x i d a n t  

compounds  and  those  of  a n t i o x i d a n t s   known  in  the  a r t .  

Accord ing ly ,   one  o b j e c t   of  the  p re sen t   i n v e n t i o n   is  c o n s t i t u t e d   by 

r e a c t i v e   a n t i o x i d a n t   compounds  c o n t a i n i n g   in  t h e i r   molecule  a  s t e r i -  

c a l l y   hindered  pheno l i c   group  and  a  h y d r o l y s a b l e   s i l y l   g roup .  

A  f u r t h e r   objec t   of  the  p re sen t   i n v e n t i o n   is  c o n s t i t u t e d   by  p r o c e s s e s  

for  p repa r ing   said  r e a c t i v e   a n t i o x i d a n t   compounds. 

A  f u r t h e r   objec t   of  the  p resen t   i n v e n t i o n   is  cons t i t ued   by  po lymer  

composi t ions   s t a b i l i s e d   by  the  p roduc ts   of  the  t r a n s f o r m a t i o n   o f  

said  r e a c t i v e   a n t i o x i d a n t   compounds  at  the  s i l y l   f u n c t i o n .  

A  f u r t h e r   object   of  the  p resen t   i n v e n t i o n   is  c o n s t i t u t e d   by  p r o c e s s e s  

for  p repar ing   said  s t a b i l i s e d   polymer  c o m p o s i t i o n s .  

Fur the r   ob jec ts   of  the  i n v e n t i o n   wi l l   be  apparent   from  the  d e s c r i p -  

t ion   and  exper imenta l   examples  given  h e r e i n a f t e r .  

In  gene ra l ,   the  r e a c t i v e   a n t i o x i d a n t   compounds  of  the  p r e s e n t  

i n v e n t i o n   are  compounds  con t a in ing   the  s t e r i c a l l y   hindered  p h e n o l i c  

g r o u p :  



where  R1  and  R2,  which  can  be  equal  or  d i f f e r e n t ,   are  p r e f e r a b l y  

branched  alkyl  r a d i c a l s   c o n t a i n i n g   from  1  to  10  carbon  atoms,  and 

in  t h e i r   most  p r e f e r r e d   form  are  t e r t - b u t y l   r a d i c a l s ;   said  p h e n o l i c  

groups  (I)  and  (Ia)  ca r ry ing   a  s i l y l   funct ion  hydro lysab le   t o  

s i l a n o l   and  connected  to  the  r ing  by  a  s i l i con -ca rbon   bond.  

More  p a r t i c u l a r l y ,   the  r e a c t i v e   a n t i o x i d a n t   compounds  of  the  p r e s e n t  

inven t ion   can  p e r t a i n   to  the  fo l lowing   class  of  compounds: 

where  R1 and  R2  are  as  h e r e t o f o r e   d e f i n e d ;  

m  is  zero  or  one ;  

R  is  a  l inea r   or  branched  a lky lene   r ad i ca l   containing  from  1  to  10 

carbon  atoms,  or  can  be  def ined  by  means  of 



- R 4 - S - R 5 - ;  

(where  R3,  R4  and  R5  are  l inea r   or  branched  a lkylene   r a d i c a l s  

c o n t a i n i n g   a  t o t a l   of  between  3  and  10  carbon  a t o m s ) ;  

X  is  a  l i n e a r   or  branched  alkyl  r a d i c a l   c o n t a i n i n g   from  1  to  5 

carbon  atoms,  and  p re fe rab ly   the  methyl  r a d i c a l ;  

Y  is  hydrogen,   halogen  and  p r e f e r a b l y   c h l o r i n e ,   C1-C4  acyloxy,  C1-C4 

a l k y l o x y ,   amino,  amino-oxy  or  s i l y l o x y ,   and  p r e f e r ab ly   C1-C2 

a l k y l o x y ;  

n  is  one,  two  or  t h r e e .  

S p e c i f i c   examples  of  r e a c t i v e   a n t i o x i d a n t   compounds  which  f a l l   w i t h i n  

formula  ( I I )   are  the  f o l l o w i n g :  



The  r e a c t i v e   a n t i o x i d a n t   compounds  ( I I I ) ,   (IV)  and  (V)  can  be 

obta ined   from  the  compound: 

by  s i l y l a t i o n   with  m e t h y l d i e t h o x y s i l a n e ,   d i m e t h y l c h l o r o s i l a n e   and 

γ - m e r c a p t o p r o p y l t r i m e t h o x y s i l a n e   r e s p e c t i v e l y .   A  f u r t h e r   s p e c i f i c  

example  of  a  r e a c t i v e   a n t i o x i d a n t   compound  f a l l i n g   within  f o rmu la  

( I I )   is  the  f o l l o w i n g :  

The  r e a c t i v e   a n t i o x i d a n t   compound  (VII)  can  be  obta ined  by  s i l y l a -  

t ion  of  the  compound: 



with  t r i e t h o x y s i l a n e .  

A  f u r t h e r   example  of  a  r e a c t i v e   a n t i o x i d a n t   compound  f a l l i n g   w i t h i n  

gene ra l   formula  (II)   is  the  f o l l o w i n g :  

The  r e a c t i v e   a n t i o x i d a n t   compound  (VIIIa)   can  be  obtained  by  s i l y -  

l a t i o n   with  t r i m e t h o x y s i l a n e   of  the  compound: 

In  general   the  r e a c t i v e   a n t i o x i d a n t   compounds  of  the  present   i n v e n -  

t i o n   can  be  prepared  by  s i l y l a t i n g   a  s t e r i c a l l y   hindered  phenol  

c a r r y i n g   on  i t s   ring  a  p r e f e r a b l y   t e rmina l   e t h y l e n i c a l l y   u n s a t u r a t e d  

g r o u p .  



One  c lass   of  s i l y l a t i o n   agents  s u i t a b l e   for  t h i s   p u r p o s e  i s   d e f i n a b l e  

by  the  f o r m u l a :  

A  f u r t h e r   c lass   of  s i l y l a t i o n   agents  s u i t a b l e   for  the  purpose  i s  

d e f i n a b l e   by  the  general   f o r m u l a :  

where  R5,  X,  Y  and  n  have  the  a fo r e sa id   mean ings .  

S p e c i f i c   examples  of  s i l y l a t i o n   agents  f a l l i n g   wi th in   gene ra l  

formula  (IX)  a r e :  

HSi(CH3)2Cl;  HSi(CH3)Cl2;  HSiCl3;  

HSi(O-CH3)2(CH3);  HSi(CH3)(O-C2H5)2; 

HSi(O-C2H5)3;  H2Si(C2H5)2; 

HSi(OCH3)3;  HSi(CH3)2-O-Si(CH3)2H; 

HSi(CH3)2-0-Si(CH3)(OCH3)2;  

HSi(CH3)2ONC(CH3)2; 

HSi(CH3)[ONC(CH3)2]2 

S p e c i f i c   examples  of  s i l y l a t i o n   agents  which  f a l l   wi thin  g e n e r a l  

formula  (X)  a r e  γ   - m e r c a p t o p r o p y l t r i a l k o x y s i l a n e s   and  in  p a r t i c u l a r  

Y  - m e r c a p t o p r o p y l t r i m e t h o x y s i l a n e .  

The  s i l y l a t i o n   r e a c t i o n   is  conven ien t ly   conducted  at  a  t e m p e r a t u r e  



of  between  0°  and  200°C,  and  p r e f e r a b l y   between  ambient  t e m p e r a t u r e  

(20°-25°C)  and  120°C,  with  a  r e a g e n t   q u a n t i t y   vary ing   from  s t o i c h i o -  

metr ic   to  an  excess  of  the  s i l y l a t i o n   r eagen t .   Said  excess  u s u a l l y  

reaches  up  to  202  on  a  molar  b a s i s .   However,  if   d i s i l a n e s   are  used 

i t   is  convenien t   to  use  a  large  excess   of  the  s i l y l a t i o n   agent,   f o r  

example  up  to  about  10  times  the  s t o i c h i o m e t r i c   q u a n t i t y .  

The  s i l y l a t i o n   r e a c t i o n   is  c a t a l y s e d   by  metal  c a t a l y s t s ,   by  u l t r a -  

v i o l e t   r a d i a t i o n   and  by  r a d i c a l   i n i t i a t o r s .   The  p r e f e r r e d   c a t a l y s t s  

are  plat inum  compounds  and  complexes  of  p la t inum  with  o l e f i n s ,   i n  

p a r t i c u l a r   c h l o r o p l a t i n i c   acid.   In  the  case  of  plat inum  c a t a l y s t s ,  

the  c a t a l y s t   c o n c e n t r a t i o n ,   e v a l u a t e d   as  meta l ,   can  vary  from  1  t o  

200  par ts   per  mi l l ion   and  p r e f e r a b l y   from  5  to  50  pa r t s   per  m i l l i o n  

in  the  r e a c t i o n   medium. 

The  s i l y l a t i o n   r e a c t i o n   can  be  conducted  in  an  i n e r t   ( u n r e a c t i v e )  

organic   s o l v e n t ,   normally  chosen  from  a l i p h a t i c ,   c y c l o a l p i h a t i c   and 

aromatic   hydrocarbons   and  e t h e r s ,   which  are  l i q u i d   under  the  o p e r a t i n g  

c o n d i t i o n s .   Spec i f i c   examples  of  s o l v e n t s   s u i t a b l e   for  th is   purpose  

are  heptane ,   cyclohexane,   t o l u e n e ,   t e t r a h y d r o f u r a n ,   dioxane  and 

d i m e t h o x y e t h a n e .  

The  r e a c t i o n   times  depend  on  the  p a r t i c u l a r   r e a g e n t s   used  and  t h e  

r e a c t i o n   t e m p e r a t u r e ,   and  vary  normal ly   from  0.5  to  10  h o u r s .  

On  t e r m i n a t i o n   of  the  s i l y l a t i o n   r e a c t i o n ,   any  so lven t   used  and  any 

excess  s i l y l a t i o n   agent  are  removed  by  s t r i p p i n g ,   and  the  r e a c t i v e  

s t a b i l i s i n g   compound  is  recovered  from  the  r e s i d u e   of  said  s t r i p p i n g  

by  normal  methods  such  as  c r y s t a l l i s a t i o n   and  d i s t i l l a t i o n   under  

vacuum.  However,  genera l ly   the  high  y ie ld   and  s e l e c t i v i t y   of  t h e  

s i l y l a t i o n   r e a c t i o n   make  any  s e p a r a t i o n   or  p u r i f i c a t i o n   of  the  f i n a l  



required  product   u n n e c e s s a r y .  

If  s i l y l a t i n g   compounds  f a l l i n g   within  formula  (X)  are  used,  t h e  

r eac t ion   is  c o n v e n i e n t l y   conducted  under  the  a f o r e s a i d   g e n e r a l  

s i l y l a t i o n   c o n d i t i o n s   with  c a t a l y s t s   in  the  form of  azo  compounds 

such  as  a z o b i s i s o b u t y r o n i t r i l e ,   which  are  used  in  a  q u a n t i t y   o f  

between  0.1%  and  10%  and  p r e f e r a b l y   between  0.5%  and  2%  in  t h e  

r eac t i on   e n v i r o n m e n t .  

The  r e a c t i v e   a n t i o x i d a n t   compounds  of  the  present   i n v e n t i o n   h y d r o l y s e  

at  the  s i l y l   f unc t ion   under  mild  cond i t i ons ,   to  g e n e r a t e   s i l a n o l  

groups  which  can  be  condensed  together   to  form  complex  r e s i n o u s  

s t a b i l i s i n g   s t r u c t u r e s .  

These  r e s inous   s t r u c t u r e s ,   of  s i l i cone   res in   type,  p rese rve   t h e  

inheren t   s t a b i l i s i n g   c h a r a c t e r i s t i c s   of  s t e r i c a l l y   h indered  p h e n o l s ,  

and  have  a  high  level   of  c o m p a t i b i l i t y   with  organic   polymers,   and 

p r a c t i c a l l y   no  e x t r a c t a b i l i t y   from  said  polymers .  

Hydrolysis   at  the  s i l y l   funct ion   takes  place  simply  by  contac t   w i t h  

water  or  with  envi ronmenta l   moisture  at  ambient  t empera tu re   ( 2 0 ° -  

25°C)  or  lower  than  ambien t .  

Condensation  between  the  s i l ano l   groups  to  give  the  complex  r e s i n o u s  

s t r u c t u r e s   can  be  f a c i l i t a t e d   by  acid  or  basic  a g e n t s ,   soaps  o r  

metal  e s t e r s ,   and  organometal  compounds,  e s p e c i a l l y   of  lead  and  t i n .  

P re fe r red   c a t a l y s t s   for  th is   purpose  are  lead  naph thena t e   and  t i n  

d i b u t y l - l a u r a t e .  

Convenient ly ,   the  c a t a l y s t   quant i ty   can  vary  from  0.1%  to  10%  by 

weight  and  p r e f e r a b l y   from  0.2%  to  3%  by  weight  with  r e spec t   to  t h e  

r e a c t i v e   a n t i o x i d a n t   compound  subjected  to  r e s i n i f i c a t i o n .  

Said  r e s i n i f i c a t i o n   r e a c t i o n   can  be  conducted  at  ambient  t e m p e r a t u r e  



(20°-25°C)  or  at  h igher   or  lower  than  a m b i e n t .  

The  complex  r e s inous   s t r u c t u r e   thus  ob t a ined   can  be  in t roduced   i n t o  

the  o rgan ic   polymer  to  be  s t a b i l i s e d   by  the  usual  methods  used  f o r  

t h i s   p u r p o s e .  

According  to  a  f u r t h e r   embodiment  of  the  p r e sen t   i n v e n t i o n ,   t h e  

r e a c t i v e   a n t i o x i d a n t   compounds  are  i n t r o d u c e d   d i r e c t l y   into  t h e  

o rgan i c   polymer,  wi th in   which  the  h y d r o l y s i s   r e a c t i o n   at  the  s i l y l  

f u n c t i o n   and  the  i n t e r a c t i o n   between  the  s i l a n o l   groups  take  p l a c e  

s p o n t a n e o u s l y ,   to  thus  give  the  s t a b i l i s e d   polymer  c o m p o s i t i o n .  

According  to  a  f u r t h e r   embodiment,  h y d r o l y s i s   at  the  s i l y l   f u n c t i o n  

of  the  r e a c t i v e   a n t i o x i d a n t   compounds  takes   place  e x t e r n a l l y   to  t h e  

polymer,   t o g e t h e r   witr   p a r t i a l   r e s i n i f i c a t i o n   of  the  h y d r o l y s i s  

p roduc t s   thus  ob t a ined .   The  product   of  the  p a r t i a l   r e s i n i f i c a t i o n  

is  then  i n t r o d u c e d   into  the  organic   polymer  to  be  s t a b i l i s e d ,  

w i th in   which  complete  r e s i n i f i c a t i o n   takes   p l a c e .  

According  to  a  f u r t h e r   embodiment,  the  r e a c t i v e   a n t i o x i d a n t   compounds 

of  the  p r e sen t   i nven t ion   are  c o - r e s i n i f i e d   with  conven t iona l   s i l i c o n e  

v a r n i s h e s .  

G e n e r a l l y ,   the  c o - r e s i n i f i c a t i o n   r e q u i r e s   baking  at  r e l a t i v e l y   h igh  

t e m p e r a t u r e .   The  m a t e r i a l s   thus  ob ta ined   are  complex  r e s ins   in  which 

the  a n t i o x i d a n t   is  one  of  the  c o n s t i t u e n t   e l e m e n t s .  

These  m a t e r i a l s   are  gene ra l ly   hard,  t r a n s p a r e n t   g l a s se s   which  can  be 

ground  to  give  a  powder  with  an  average  p a r t i c l e   s ize   of  1  micron 

or  l e s s .   In  t h i s   form,  the  a n t i o x i d a n t   can  be  d i s t r i b u t e d   and 

homogenised  in  the  polymer  to  be  s t a b i l i s e d ,   in  pigment  form. 

The  s t r u c t u r e   of  these  r e s i n i f i c a t i o n   p roduc t s   depends  e s s e n t i a l l y  

on  the  number  of  groups  hydro lysab le   at  the  s i l y l   func t ion   in  t h e  



r e a c t i v e   a n t i o x i d a n t   compounds. 

For  example  in  the  case  of  compound  (IV),  which  contains  only  one 

hydro lysab le   group,  the  hyd ro ly s i s   and  r e s i n i f i c a t i o n   r e a c t i o n s  

proceed  unt i l   a  dimer  is  produced,  which  in  the  case  in  q u e s t i o n  

can  be  defined  by  the  fo l lowing  general   f o rmula :  

In  the  case  of  r e a c t i v e   a n t i o x i d a n t   compounds  which  contain  more 

than  one  hydro lysab le   group  in  the  s i l y l   func t ion ,   more  complex 

r e s i n i f i c a t i o n   products   are  o b t a i n e d .  

.he  r e ac t i ve   a n t i o x i d a n t   compounds  of  the  present   invention  can  be 

fixed  to  a  solid  support   con ta in ing   surface   hydroxyl  groups.  S u p p o r t s  

s u i t a b l e   for  this   purpose  are  s i l i c e o u s   m a t e r i a l s ,   of  e i the r   n a t u r a l  

or  syn the t i c   o r i g i n ,   such  as  diatomaceous  ea r th ,   c e l i t e ,   s i l i c a   g e l ,  

/  g lass   f i b r e s  
cement,  g lass /and  s i l i c o - a l u m i n a t e s   in  genera l .   The  p re fe r r ed   o f  

all   these  s u p p o r t s  i s   that   type  of  s i l i c a   commonly  known  as  fumed 

s i l i c a   which,  t o g e t h e r   with  good  o p t i c a l   c h a r a c t e r i s t i c s ,   has  low 

apparent   dens i ty ,   a  high  s p e c i f i c   sur face   (genera l ly   exceed ing  

200  m2/g)  and  a  high  su r f ace   c o n c e n t r a t i o n   of  hydroxyl  g roups .  

The  bond  to  the  suppor t   is  produced  by  r e a c t i n g   the  r eac t ive   a n t i -  



ox idan t   compound  in  i t s   h y d r o l y s e d   form  with  the  su r f ace   hydroxyl  

groups  of  the  support .   In  p r a c t i c e ,   the  suppor t ,   in  the  form  of  

powder  or  g ranules ,   is  brought   in to   con tac t   with  a  s o l u t i o n   of  t h e  

r e a c t i v e   an t i ox idan t   compound  in  an  i n e r t   s o l v e n t ,   such  as  an 

a l i p h a t i c ,   c y l c o a l i p h a t i c   or  a romat ic   hydrocarbon  or  an  e ther .   The 

p rocedure   is  ca r r i ed   out  in  the  l i q u i d   phase  at  a  t empera tu re   o f  

between  ambient  (20°-25°C)  and  about  100°C.  The  r e a c t i v e   a n t i o x i d a n t  

compound  becomes  hydrolysed  and  bonded  to  the  support   within  a  t i m e  

of  the  order  of  between  0.5  and  10  h o u r s .  

The  s t a b i l i s i n g   compound  thus  suppor ted   is  added  to  the  o r g a n i c  

polymer  to  be  s t a b i l i s e d ,   by  normal  methods.  This  embodiment  has  

the  f u r t h e r   advantage  of  e x c e l l e n t   d i s t r i b u t i o n   of  the  a n t i o x i d a n t  

in  the  polymer.  

According  to  a  fu r the r   embodiment,  the  r e a c t i v e   a n t i o x i d a n t   compounds 

of  the  present   inven t ion   are  bonded  chemica l ly   to  the  organic  polymer  

to  be  s t a b i l i s e d .   This  method  is  p a r t i c u l a r l y   e f f e c t i v e   in  the  c a s e  

of  d i o l e f i n i c   polymers  and  copolymers  of  low  molecu la r   weight.  The 

r e a c t i o n   between  the  r e a c t i v e   a n t i o x i d a n t   compound  and  the  polymer 

g e n e r a l l y   takes  place  at  a  t e m p e r a t u r e   of  between  ambient  (20° -25°C)  

and  about  100°C,  in  the  p r e sence   of  an  i n e r t   ( u n r e a c t i v e )   d i l u e n t ,  

in  a  time  of  between  0.5  and  10  hours .   The  r e a c t i v e   a n t i o x i d a n t  

compounds  of  the  present   i n v e n t i o n   are  able  to  s t a b i l i s e   o r g a n i c  

polymers  in  genera l ,   such  as  p o l y o l e f i n s ,   i n c l u d i n g   p o l y e t h y l e n e ,  

po lypropy lene ,   po ly i sobu tene   and  e t h y l e n e - p r o p y l e n e   copolymers ,  

p o l y d i o l e f i n s   inc luding   p o l y b u t a d i e n e   and  p o l y i s o p r e n e ,   and  p o l y e t h e r s ,  

i n c l u d i n g   po lye thy leneox ide   and  p o l y p r o p y l e n e o x i d e .  

The  s t a b i l i s e d   polymer  c o m p o s i t i o n s   of  the  p resen t   i nven t ion   c o n t a i n  



a  s t a b i l i s i n g   q u a n t i t y   of  the  a n t i o x i d a n t   compound,  the  t e r m  

" s t a b i l i s i n g   q u a n t i t y "   s i g n i f y i n g   that   quan t i ty   which  adds  f rom 

0.01%  to  5%  by  weight  of  phenol ic   a n t i o x i d a n t .  

The  fo l lowing  exper imenta l   examples  are  given  for  i l l u s t r a t i v e  

purposes,   and  do  not  l imi t   the  range  of  the  i n v e n t i o n .  

EXAMPLE  1 

P repa ra t ion   of  the  compound  ( I I I ) :  

The  compound  (VI)  

which  is  a  s l i g h t l y   yellow  so l id   with  a  melting  point  of  36° -37°C 

and  obtained  by  e s t e r i f y i n g   the  corresponding  acid  with  a l l y l   a l c o h o l  

(5.0  g ;  18 .0   m o l e s ) ,   is  reacted  in  toluene  (5  ml)  with  m e t h y l d i -  

e thoxys i l ane   (4.1  ml;  3.4  g;  25.0  mmoles)  in  the  presence  of  t r a c e s  

of  c h l o r o p l a t i n i c   acid  d issolved  in  i sopropanol   (10µl  of  a  2  weight% 

so lu t ion   of  H2PtCl6.6H2O),  ope ra t ing   f i r s t l y   at  ambient  t e m p e r a t u r e  

(the  r eac t ion   is  s l i g h t l y   exothermic)   and  then  at  80°C  for  4  h o u r s .  



The  comple teness   of  the  r e a c t i o n   is  i nd i ca t ed   by  the  d i s a p p e a r a n c e  

of  the  IR  band  at  1650  cm-1  ( a l l y l   u n s a t u r a t i o n ) .   The  r e a c t i o n  

product  thus  o b t a i n e d   is  sub j ec t ed   to  f r a c t i o n a l   d i s t i l l a t i o n   under  

reduced  p r e s s u r e   (1  t o r r )   in  a  bulb  s t i l l   to  give  5.9  g  of  a  s l i g h t l y  

s t r aw-co lou red   o i l   [y ie ld   73X  with  respec t   to compound  (VI ) ] ,   which 

d i s t i l s   at  a  b o i l e r   t empera tu re   of  240°C  (1  t o r r )   and  is  c o n s t i t u t e d  

by  the  compound  ( I I I ) .  

Elementary  a n a l y s i s :  

The  mass  spectrum  (M+  452)  and  IR  and  1Hnmr  ana ly s i s   confi rm  t h e  

a foresa id   s t r u c t u r e .  

EXAMPLE  2 

P repa ra t ion   of  the  compound  ( I V ) :  

The  compound  (VI)  (3.5  g;  11.0  mmoles)  is  reacted  with  d i m e t h y l -  

e h l o r o s i l a n e   (1.45  ml;  1.2  g;  13.0  mmoles)  under  the  c o n d i t i o n s   o f  

Example  1.  The  r e a c t i o n   product   is  s t r i p p e d ,   and  a  r e s idue   r e m a i n s  

cons i s t i ng   of  4.5  g  of  the  compound  (IV)  (yie ld   p r a c t i c a l l y   t o t a l ) .  

Elementary  a n a l y s i s :  



The  mass  spectrum  (M+ 412)  and  IR  and 1Hnmr  a n a l y s i s   confirm  t h e  

a f o r e s a i d   s t r u c t u r e .  

EXAMPLE  3 

P r e p a r a t i o n   of  the  compound  ( IX) :  

by  h y d r o l y s i s   and  r e s i n i f i c a t i o n   of  the  compound  ( I V ) .  

The  compound  (IV)  (2.5  g;  6.1  mmoles)  of  the  preceding  Example  2 

is  d i s so lved   in  15  ml  of  d ie thy l   ether  and  hydrolysed  by  add ing  

about  5  g  of  ice,   which  makes  contact   t he rewi th .   After  l i q u e f a c t i o n  

of  the  ice ,   the  aqueous  and  organic  phases  are  a g i t a t e d   for  2  hou r s  

at  ambient  t empera ture .   The  ether   layer  is  then  s epa ra t ed ,   washed 

with  aqueous  sodium  b i ca rbona te   and  water  and  dried  under  vacuum, 

with  the  e l imina t ion   of  the  d ie thy l   e t h e r .  

2.15  g  (y ie ld   p r a c t i c a l l y   t o t a l )   are  thus  obta ined  of  a  v iscous  o i l  

c o n s t i t u t i n g   the  compound  ( I X ) .  

Elementary  a n a l y s i s :  

The  mass  spectrum  does  not  produce  the  parent  ion.  IR  and  1Hnmr 

a n a l y s i s   confirm  the  a fo r e sa id   s t r u c t u r e .  



EXAMPLE  4 

P r e p a r a t i o n   of  the  compound  (V):  

The  compound  (VI)  (4.1  g;  14.8  mmoles)  is  r eac t ed   with  f - m e r c a p t o -  

p r o p y l t r i m e t h o x y s i l a n e   (3.7  g;  3.5  ml;  19.0  mmoles)  and  with  a z o b i s -  

i s o b u t y r o n i t r i l e   (130  mg)  d i sso lved   in  4  ml  of  to luene,   o p e r a t i n g   i n  

a  f l a sk   f i t t e d   with  a  magnetic  a g i t a t o r .   The  so lu t ion   is  a g i t a t e d  

for  4  hours  at  85°C  and  is  then  heated  to  110°C  and  kept  at  t h i s  

t empera tu re   for  one  hour.  The  r e a c t i o n   product   thus  obtained  is  a 

s l i g h t l y   s t r a w - c o l o u r e d   oil   which  a f t e r   s t r i p p i n g   under  r e d u c e d  

p re s su re   cannot  be  f u r t h e r   d i s t i l l e d   with  a  bo i l e r   temperature   o f  

240°C.  The  s t r i p p i n g   r es idue   (4.8  g;  y i e l d   63%  with  respec t   to  t h e  

compound  (VI)]  is  c o n s t i t u t e d   by  the  r e q u i r e d   compound  (V). 

Elementary  a n a l y s i s :  

The  mass  spectrum  (M+  514)  and  IR  and  1Hnmr  ana lys i s   confirm  t h e  

a f o r e s a i d   s t r u c t u r e .  

EXAMPLE  4 

Gra f t ing   of  the  compound  (IV)  onto  m e t a l - t r e a t e d   p o l y b u t a d i e n e .  

A  low-molecular   weight   l i qu id   po lybu tad i ene   is  prepared  by  p o l y m e r i s i n g  



1,3  butadiene  (10.8  g;  200  mmoles)  d i s so lved   in  cyclohexane  (150  m l ) ,  

with  n - b u t y l l i t h i u m   (hydrocarbon  s o l u t i o n ;   10  mmoles)  in  a  b o t t l e .  

The  r e a c t i o n   is  conducted  at  50°C  un t i l   complete  conversion  of  t h e  

butadiene  to  po lybutad iene   (average  molecular   weight  1080)  i s  

ob ta ined ,   with  Li  t e r m i n a t i o n .   The  b o t t l e   is  cooled  to  ambient  

t empera tu re ,   and  the  compound  (IV)  (2.1  g;  5  mmoles)  is  c a u t i o u s l y  

added  to  the  b o t t l e ,   which  is  o c c a s i o n a l l y   shaken.  After  2  hours  

at  ambient  t empera tu re ,   5 ml  of  methanol  are  added,  the  organic  phase  

is  washed  with  aqueous  h y d r o c h l o r i c   acid  and  then  with  water,   and 

the  washed  organic  phase  is  s t r i p p e d ,   to  obtain  a  residue  of  12  g 

of  po lybutad iene   to  which  the  compound  (IV)  is  bonded. 

The  s t a b i l i s i n g   act ion  of  the  a n t i o x i d a n t s   of  the  present  i n v e n t i o n  

is  v e r i f i e d   in  a  l a b o r a t o r y   t e s t   under  cond i t i ons   su i t ab le   f o r  

a c c e l e r a t i n g   the  thermal  d e g r a d a t i o n   of  the  p o l y p r o p y l e n e .  

Polypropylene  films  con ta in ing   the  s t a b i l i s e r   are  subjected  t o  

prolonged  heat  t rea tment   in  an  air   c i r c u l a t i o n   oven  at  130°C.  The 

progress   of  the  degrada t ion   is  v e r i f i e d   by  the  formation  of  c a r b o n y l  

compounds,  which  are  demonstra ted  by  IR  spec t r a .   S p e c i f i c a l l y ,  t h e  

carbonyl  index  (ICO)  is  c a l c u l a t e d   from  the  r e l a t i o n s h i p   [100  x 

( i n t e n s i t y   of  the  band  at  1720  c m - 1  -  b a s e   i n t e n s i t y   at  1850  cm-1) /  

film  th ickness   in  µm].  The  longer  the  induc t ion   time  for  t h e  

formation  of  the  carbonyl  compounds,  the  more  e f f e c t i v e   is  t he  

s t a b i l i s i n g   e f f e c t .  

The  film  conta in ing   the  s t a b i l i s e r   is  prepared  by  d i s so lv ing   t h e  

a n t i o x i d a n t   in  benzene  and  mixing  the  so lu t i on   thus  obtained  w i t h  

powdered  p o l y p r o p y l e n e .  

The  polypropylene  is  free  from  any  other  add i t i ve .   The  solvent   i s  



evapora t ed   under  reduced  p r e s su re ,   and  the  fi lm  is  then  p r epa red  

with  a  t h i c k n e s s   of  about  100  µm,  by  p r e s s i n g   at  a  t empera ture   of 

150°C  under  a  p ressure   of  900  kg/cm2  for  a  time  of  2  minutes .   The 

fi lm  is  e x t r a c t e d   from  the  press  and  r ap id ly   cooled  under  runn ing  

w a t e r .  

For  the  s t a b i l i s a t i o n   t e s t s ,   the  compound  (IX)  is  used  prepared  i n  

accordance   with  Example  3,  in  a  q u a n t i t y   of  0.7%  by  weight  w i t h  

r e s p e c t   to  the  polypropylene.   For  comparison  purposes ,   the  p o l y -  

p ropylene   is  also  s t a b i l i s e d   with  the  commercial  a n t i o x i d a n t s  

IRGANOX  1010  and  IRGANOX  1076  used  in  q u a n t i t i e s   such  as  to  add  the  

same  q u a n t i t y   of  phenolic  hydroxyls  as  the  compound  ( I X ) .  

The  r e s u l t s   of  these  t e s t s   are  given  in  the  fo l lowing   Table  1. 



1.  React ive   a n t i o x i d a n t   compounds  c o n t a i n i n g   the  s t e r i c a l l y  

h indered   phenol ic   group 

where  R1  and  R2,  which  can  be  equal  or  d i f f e r e n t ,   are  l i nea r   o r  

branched  alkyl  r a d i c a l s   conta in ing  from  1  to  10  carbon  a toms;  

said  phenol ic   groups  car ry ing  a  s i ly l   func t ion   which  is  h y d r o l y s a b l e  

to  s i l a n o l   and  is  connected  to  the  ring  by  a  s i l i c o n - c a r b o n   bond.  

2.  React ive   an t i ox idan t   compounds  as  claimed  in  claim  1,  c h a r a c -  

t e r i s e d   by  p e r t a i n i n g   to  the  following  c l a s ses   of  compounds 

where  R1  and  R2  are  as  defined  in  claim  1; 

R  is  a  l i n e a r   or  branched  alkylene  rad ica l   c o n t a i n i n g   from  1  to  10 

carbon  atoms,  or  is  de f inab le   by: 



- R 4 - S - R 5 -  

(where  R3, R4  and  R5  are  l inea r   or  branched  a lky lene   r a d i c a l s  

c o n t a i n i n g   a  t o t a l   of  between  3  and  10  carbon  a t o m s ) ;  

X  is  a  l i n e a r   or  branched  alkyl  r a d i c a l   c o n t a i n i n g   from  1  to   5 

carbon  a toms ;  

Y  is  hydrogen,   halogen,   C1-C4  acyloxy,   C1-C4  a lkyloxy,   amino,  amino-  

oxy  or  s i l y l - o x y ;  

n  is  one,  two  or  t h r e e .  

3.  React ive   a n t i o x i d a n t   compounds  as  claimed  in  claim  2,  c h a r a c -  

t e r i s e d   in  that   R1  and  R2  are  t e r t - b u t y l   r a d i c a l s ,   X  is  the  me thy l  

r a d i c a l   and  Y  is  c h l o r i n e   or  C1-C2  a l k y l o x y .  

4.  React ive   a n t i o x i d a n t   compounds  as  claimed  in  claim  2,  c h a r a c -  

t e r i s e d   by  being  the  compounds  I I I ,   IV,  V,  VII  and  VIlla  def ined   i n  

the  d e s c r i p t i o n .  

5.  A  process   for  prepar ing   the  r e a c t i v e   a n t i o x i d a n t   compounds 

claimed  in  claims  1  to  4,  c h a r a c t e r i s e d   in  tha t   a  s t e r i c a l l y   h i n d e r e d  

phenol  ca r ry ing   an  e t h y l e n i c a l l y   u n s a t u r a t e d   group  on  i t s   r ing  i s  

s u b j e c t e d   to  a  s i l y l a t i o n   r e a c t i o n   by  means  of  a  s i l y l a t i n g   a g e n t .  

6.  A  process   as  claimed  in  claim  5,  c h a r a c t e r i s e d   in  tha t   t h e  

s t e r i c a l l y   h indered  phenol  c a r r i e s   a  t e rmina l   e t h y l e n i c a l l y   u n s a t u -  

r a t ed   group  and  is  chosen  from  the  compounds  VI,  VIII  and  V I I I b  

de f ined   in  the  d e s c r i p t i o n .  

7.  A  process   as  claimed  in  claim  5,  c h a r a c t e r i s e d   in  tha t   s a i d  

s i l y l a t i n g   agent  is  chosen  from  those  d e f i n a b l e   by  the  g e n e r a l  

f o r m u l a s  



where  R5,  X,  Y  and  n  are  as  defined  in  claim  1.  

8.  A  process   as  claimed  in  claim  7,  c h a r a c t e r i s e d   in  that   s a i d  

s i l y l a t i n g   agent  is  chosen  from  m e t h y l d i e t h o x y s i l a n e ,   t r i e t h o x y -  

s i l a n e ,   d i m e t h y l c h l o r o s i l a n e   a n d  Y - m e r c a p t o p r o p y l t r i m e t h o x y s i l a n e .  

9.  A  process   as  claimed  in  claim  5,  c h a r a c t e r i s e d   in  that  t h e  

r e a c t i o n   is  conducted  at  a  temperature  of  between  0°  and  200°C  w i t h  

s t o i c h i o m e t r i c   reagent   q u a n t i t i e s   or  with  jn  excess  of  the  s i l y l a t i n g  

agent ,   in  the  presence  of  a  c a t a ly s t   chosen  from  metal  c a t a l y s t s ,  

u l t r a v i o l e t   r a d i a t i o n   and  radical   i n i t i a t o r s ,   for  a  time  of  between 

0.5  and  10  hours,   poss ibly   in  an  iner t   solvent   chosen  from  a l i p h a t i c ,  

c y c l o a l i p h a t i c   and  aromatic  hydrocarbons  or  e t h e r s .  

10.  A  process   as  claimed  in  claim  9,  c h a r a c t e r i s e d   in  that  t h e  

c a t a l y s t   is  a  platinum  compound  chosen  from  c h l o r o p l a t i n i c   acid  and 

complexes  of  platinum  with  o i e f i n s ,   the  plat inum  being  present   i n  

a  q u a n t i t y   of  between  1  and 200  parts   per  mi l l i on   in  the  r e a c t i o n  

medium. 

11.  S t a b i l i s e d   polymer  compositions  c h a r a c t e r i s e d   by  c o m p r i s i n g  

an  organic   polymer  and  a  s t a b i l i s i n g   quan t i ty   of  the  product  of  t h e  

h y d r o l y s i s   and  r e s i n i f i c a t i o n   of  a  r e ac t i ve   a n t i o x i d a n t   compound 

claimed  in  claims  1  to  4. 

12.  Compositions  as  claimed  in  claim  11,  c h a r a c t e r i s e d   in  t h a t  

said  h y d r o l y s i s   and  said  r e s i n i f i c a t i o n   of  the  r e a c t i v e   a n t i o x i d a n t  

compound  are  conducted  in  the  presence  of  acid  agents ,   basic  a g e n t s ,  



soaps  or  metal  s t e r s ,   or  organometal   compounds. 

13.  Compositions  as  claimed  in  claim  11,  c h a r a c t e r i s e d   in  t h a t  

said  h y d r o l y s i s   and  r e s i n i f i c a t i o n   are  conducted  in  the  p r e s e n c e  

of  lead  naphthena te   or  t in  d i b u t y l - l a u r a t e .  

14.  Composit ions  as  claimed  in  claim  11,  c h a r a c t e r i s e d   by  c o -  

r e s i n i f y i n g   the  r e a c t i v e   a n t i o x i d a n t   compound  with  a  s i l i c o n e  

v a r n i s h .  

15.  Compositions  as  claimed  in  claim  11,  c h a r a c t e r i s e d   in  t h a t  

the  hyd ro lys i s   and  r e s i n i f i c a t i o n   of  the  r e a c t i v e   a n t i o x i d a n t   compound 

take  place  spontaneous ly   wi thin   the  organic   po lymer .  

16.  S t a b i l i s e d   polymer  compos i t ions   c h a r a c t e r i s e d   by  c o m p r i s i n g  

an  organic  polymer  and  a  s t a b i l i s i n g   q u a n t i t y   of  a  r e a c t i v e   a n t i -  

oxidant   compound  claimed  in  claims  1  to  4  f ixed  to  a  so l id   s u p p o r t  

con ta in ing   surface   hydroxyl  g r o u p s .  

17.  Composit ions  as  claimed  in  claim  16,  c h a r a c t e r i s e d   in  t h a t  

said  so l id   support   is  fumed  gel  or  g lass   f i b r e s .  

18.  S t a b i l i s e d   polymer  compos i t ions   c h a r a c t e r i s e d   by  c o m p r i s i n g  

an  organic  polymer  c o n t a i n i n g   a  r e a c t i v e   a n t i o x i d a n t   compound  c l a imed  

in  claims  1  to  4  chemica l ly   bonded  t h e r e t o .  

19.  Composit ions  as  claimed  in  claims  11  to  18,  c h a r a c t e r i s e d  

in  that   the  organic  polymer  is  a  p o l y o l e f i n ,   a  p o l y d i o l e f i n   or  a 

p o l y e t h e r .  

20.  Composit ions  as  claimed  in  claims  11  to  19,  c h a r a c t e r i s e d  

by  con ta in ing   from  0.01%  to  5X  by  weight  of  s t a b i l i s e r .  
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